Introduction
The enzyme-linked immunosorbent assay (ELISA) technique is widely used for the qualitative detection of antigens and antibodies [1] , and results are generally assessed subjectively. For the more recently introduced quantitative methods the endpoint is measured colorimetrically or fluorimetrically.
Since the introduction of ELISA methodologies, equipment has been produced to cope with most of the pipetting and washing procedures. Apparatus is also available for colorimetric assessment of the end-point. Most of these pieces of equipment will perform only one of these tasks, and in order to automate the entire ELISA procedure, three or four pieces of expensive equipment were until quite recently necessary.
Gilford Instruments (Coming Medical and Scientific, Coming Ltd, Halstead, Essex, UK) have now produced a complete ELISA system, the EIA 50. The EIA 50 uses specially produced polystyrene cuvettes, which are manufactured in ranks of 10, allowing the assay of relatively small batches of sample. The ranks ofcuvettes fit in batches of five into moulded plastic bases, which can be clipped together to allow the processing of as many cuvettes as is practicable in the assay. The entire ELISA procedure is performed in the cuvettes, and the final colour is read through the lower part of the cuvettes, which have optically clear walls.
The processor consists of a cuvette transport system, colorimeter, wash/dry system, dispenser and printer. The various functions are microprocessor controlled, allowing eight separate procedures to be performed, with a range of reagent volumes, wash conditions and cycle times.
It should be mentioned that a diluter is not incorporated into the machine. Therefore each serum sample under investigation must be diluted either manually, or with a diluter, and then added to the appropriate cuvette manually. It is difficult to visualize a system which would allow these steps to be automated. The procedures (programs) 
Other materials
In studies on the precision of the dispenser, 125I-labelled thyroxine was used diluted in the buffer appropriate for the particular part of the assay under scrutiny. This compound was chosen since it was pertinent to the study for which the instrument was being used.
In experiments involving human IgG, serum samples with normal concentrations of total proteins and albumin were used.
Method
The following features of the system were investigated: Literature; Presentation of equipment; Electrical and mechanical safety; Dispenser; Photometer and filter; Cuvette washing system; Cuvettes; General aspects. Literature A fully descriptive operator's manual is supplied with the analyser. The manual gives details of a preventative maintenance schedule and has a comprehensive system of safety cautions and warnings for the operator.
With the machine used in this investigation, a service manual was also supplied which gives more detailed maintenance, service and repair information. The operator's manual has been necessary for such operations as syringe servicing, lamp alignment and photometer calibration. The service manual, although potentially useful, is intended for use by trained service personnel, and it should be noted that any applicable guarantee may be prejudiced by untrained staff undertaking some of the procedures. However, the service manual does have a section on failure analysis which gives considerably more information on this topic than does the operator's manual, and this has been found to be useful.
Presentation of equipment
The machine which was evaluated was an ex-demonstration model which, before delivery, had been fully reconditioned and serviced to the standard of a new machine. So it is not possible to comment on the presentation and installation of a new instrument.
In general, the operations of the machine are easily performed, all programming being carried out by means of four sets of thumb-wheels, three push-buttons and two knobs.
In order to load the required program into the memory, the appropriate number is selected with a thumb-wheel, and the 'start' button is pressed. The cassette (the plastic base with up to five ranks of cuvettes) is then placed in position and the start button pressed again to run the program. In some circumstances it is difficult to know whether the program has been loaded and is ready to run, or whether the previous program is still loaded.
An additional 'load' button could overcome this potential problem.
Electrical and mechanical safety
The equipment was checked by the authors' electro-mechanical equipment department for electrical safety, and considered satisfactory. However, it was often necessary to operate the machine with the main cover removed thus creating the possibility of accidental spillage into the compartment housing the electronic equipment.
The only potential mechanical hazard identified was the possibility of fingers becoming trapped between the piston and end-stop of the dispenser. This did not actually happen during the evaluation.
Dispenser
The dispenser incorporated in the analyser is Gilford Instruments' automatic dispenser fitted with a ml Hamilton syringe and remotely controlled by the central microprocessor. The required volumes are selected and set from a turret of steel rods which, when placed under the syringe plunger, prevents its progress beyond a certain point, thus dictating the volume dispensed. Small-bore tubing is used to keep dead volumes to a minimum, and priming, by means of a toggle switch, is fast.
The precision, accuracy, and general performance, of the dispenser were checked as follows:
(1) Precision. Photometer and ,filter
The photometer is of the Silicon photo-diode type, with a range from 0 to 2 absorbance units.
To check the precision of reading, two cuvettes in one rank were used. The enzyme-catalysed reaction was performed and stopped when the absorbance had reached approximately 1.0. The absorbaces were then read using the 'fast read' program.
Ten readings for each cuvette were taken and the mean + standard deviation calculated for each set of readings. The results for each cuvette were 1.155_+0.0016 (CV 0.14) and 1"153_+0"0018 (CV 0"16)which were considered to be acceptable.
Two interference filters (405 nm and 492 nm) were supplied with the machine. In this study, only the 492 nm filter was used; this gave a transmission peak at 492 nm with a narrow band width. The filters are easily exchangeable on the instrument. A tungsten lamp is used and the system is blanked by adjusting the current to the lamp. The stability of the photometer system is stated by the manufacturer to be less than l/h. The authors found, after an initial warm-up period of 50 rain., that there was no instability over a 2h period at the blank level (i.e. absorbance 0.00).
Cuvette washin9 system
During the micro-ELISA method, it is necessary to wash the cuvettes after each incubation and before the addition ofthe next reagent. It is essential that this washing is efficient.
The cuvettes are washed in ranks of 10. The reagent in the cuvettes is aspirated, by vacuum, through metal tubes which reach almost to the bottom ofeach cuvette. 750 #1 ofwash buffer is then dispensed into each cuvette, and this is aspirated after a pre-programmed soak time. A further wash cycle may then begin, reagent may be dispensed into the cuvettes, or the cuvettes transferred back into the cassette. One to nine wash cycles may be carried out with a soak time of 0-99 for each cycle.
The vacuum pump supplied with the instrument, also a refurbished 'as new' ex-demonstration unit, broke down after four months of reasonably heavy use; it was exchanged by a service engineer within 48 h and the replacement unit has given satisfactory service for four months.
The precision ofthe addition ofwash buffer was not assessed, as the volume (750 #1) dispensed was considered to be more than adequate.
The optimum washing conditions used in the micro-ELISA methods were established as follows. A typical antibody-antigen reaction was carried out by incubating, for 2 h at 37C, cuvettes in which human IgG had been adsorbed, with anti-human IgG/peroxidase at the appropriate dilution. Each rank of 10 cuvettes was then subjected to one of a variety of washing procedures, ranging from one to eight washes and a soak time of 0, 5 or 10s. Subsequently the enzyme reaction was performed, and the absorbance measured. Timing of the enzyme reaction was strictly maintained. The results in figure show that six washes are satisfactory at all soak times. In these assays a 5 soak time was adopted. This washing procedure was found to be satisfactory, and there is sufficient spare capacity to enable the assumption that wash procedures for other ELISA assays can be adequately achieved. Two drawbacks of the wash system were noted:
(1) In setting up the machine for an assay, the wash system peristaltic pump tubes must initially be placed in position and then primed with wash buffer. Positioning the pump tubes should be a relatively simple procedure but on our machine the moveable block holding the tubes in position was occasionally incorrectly positioned because ofdifficulty of access to the block. This may well lead to inconsistent wash procedures, with consequent loss of precision.
(2) Priming the pump tubes is somewhat cumbersome, Recently the manufacturer has informed us that a major contributing factor to the edge effect is high incubation temperatures (for example 37C). They have suggested that the use of room-temperature incubation reduces the effect.
The plastic bases of the cassettes have been modified, by the addition of hooks, allowing chaining of the cassettes. This then allows continuous processing of large numbers of cuvettes if necessary. It should be mentioned, however, that there is an inherent drawback to this system. Because of the number of washes required for each rank of cuvettes, with a soak time generally of 5 or 10s, it may take up to 10 min. to process each cassette of five cuvette ranks. So if the colour reaction is particularly rapid it may not be possible to stop the reaction in sufficient time to prevent the absorbances becoming too high for measurement. Thus it is important either to process small enough batches ofcuvettes to allow the measurement of the final absorbance with a relatively fast enzyme reaction, or to choose assay conditions which keep the enzyme reaction slow. (Alternatively, the final colour may be diluted for reading.)
In oi'der to keep assay conditions as constant as possible, it is advisable to coat as many cuvettes as possible with antigen or antibody prior to commencing a given study. This obviously, therefore, requires the easy availability of cuvettes in large numbers. Unfortunately, experience has shown that the instrument supplier has not been able to supply the cassettes in quantities greater than 10 (i.e. 500 cuvettes) at any given time.
This has led to considerable problems in the studies being undertaken, and must be considered to be a serious drawback in the use of the equipment, especially since at present there are no other suppliers of the cuvettes.
It should also be noted that the cuvettes are disposable, and in the authors' laboratory have not been reusable, even after extensive detergent washing.
General aspects
Cycle time A cycle time thumb-wheel is provided. This allows accurate rank-to-rank timing of all stages in the ELISA procedure; it is especially important to maintain accurate timing of the enzyme reaction throughout the whole batch of samples. The timing of each procedure from cuvette to cuvette within each rank is Overall performance The overall performance of the system was compared with the classical manual micro-ELISA procedure using microtitre plates. Briefly, the procedure used consisted of:
(1) Adsorption of antigen onto either the microtitre plate wells or cuvettes.
(2) Washing. In the microtitre plate method this consisted of three washes, with a 3 min. soak. The cuvettes were washed six times, with a 5 s soak.
(3) Addition of serum containing antibodies against the particular antigen. In this case, antiserum was diluted to 10 -3, 10 -4, 10 -5, 10 -6 and 10 -7 and 10 cuvettes and 10 wells were innoculated with each dilution.
(4) Following incubation, the plates and cuvettes were again washed as above.
(5) Addition of anti-IgG/peroxidase conjugate at an appropriate dilution.
(6) Incubation, followed by washing. (7) Enzyme reaction. This was controlled in the case of the cuvettes by appropriate prograoaming, and in the case of the microtitre plates by subjective timing. Absorbances in the microtitre plates method were measured in a modified Vitatron colorimeter. In the cuvette method the absorbances were measured on the EIA 50 using one of the programs.
The results of this comparison are shown in figure 3 and table 2. It may be seen from the figure that the antigen-binding capacity of the cuvettes is better than that ofthe microtitre plate.
However, the precision obtained with the microtitre plates is slightly better than that of the cuvettes, as shown in the table.
Discussion
The Gilford EIA 50 ELISA processor has been used in the authors' laboratory for studies on thyroid auto-antibodies. The machine has proved to be a useful tool for this purpose, showing some advantages over the previously used manual system (with microtitre plates).
The processor performs automatically and precisely most of the time-consuming and technically arduous procedures in the micro-ELISA method.
The machine has performed satisfactorily, with the exception of the dispenser, which initially caused occasional but serious problems. However, by far the most serious drawback of the system is the availability and quality of the cuvettes. It is unfortunate that the only UK supplier of the cuvettes for use in the machine was unable to supply the authors' requirements for individual steps are obvious. It remains to be seen whether the use of the cuvettes proves to be advantageous over the other adsorption media, in view of the wide availability of the latter.
